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1. :[NIRODIJCTIONand CONE:I..]JSII]N,q

The purf_ose of this work was t:o test oxide cathodes wit;h
different Nickel substrates and dif"ferent surface preparat::i.or_s, We
were ]ookincl for Jmprevemen'ts in cat:hods emission, .1.ife, adherence of
the cathode coating and reduced droop al, long pulse widl:hs and higher
CJlit J, (_.S.

All the tests were done at low duty (approximately .1%) but: h:igh
loadin!-.j (approxJ.mat, e].y 6amps/sq. ore). The bulk of devi. c-;es buill; were
to test in one form or another various preparations of t:he sr.:ar_clal:c
dispersed ox:[de cathor]e. It was decided ear].y in t;he pro.c]ram l:hat
this was the most promJs.ing avenue of .inquir×. l'we].ve veh:i.c:]es were
buill,. Each vehicle conl;ained 4 c:athode,":_. Here is a l. ist; of thesr_
vehicles:

r.)ev .i.ce :It Char act er i st J (:s Ptir pose

d e mo u n t a b .1.e -- Sl:)r a y e d c o n 1,r o 1
device with standard sprayecJ
oxide coating or; :..]30 Nickel

Control device

2. Scandal e sprayed ()__ 330 N:[ c:ke] Test: ch-_v:i,c:::c-:

Standard sprayed-on 330 Nickel C o n t r o .1. d e v i c e

_. 0, Standarcl decals on 330 Nickel Contro] device

m Scandals sprayed on 330 Ni.ckel

Standard sprayed on i:]30 Nickel

Test; device

Cc._nt;r o [I dev :[cc:_

• Standard sprayed on :330 Nir::ke.1. Cont ro ]. dev :i.c:c:..,

9.

.1.0.

Scandals on A31 N:i.c:ke].

Standard sprayed on 330 Nickel

Scandate sprayed on 330 Nickel,
copper grids

11. Scandate sprayed on 330 Nickel, Test device
copper grids

12. Decals on chem--etched 330 Nickel, Test device
2 with mesas, 2 without, copper

grids

rest: dev .i.c_.:

Co n t; r o .1. d e v i c;e

Test. clev:i c:e

The scandals cathodes appear to exhibit better 0 hour F,erforman('e
than either decal cathodes or standard sprayed cathodes. They a].so
appear to have longer life than either standard cJecals or standard
sprayed cathodes. The chem-etched cathodes performed poorly, on
average. Based on previous study there was reason to believe they

would out perform unetched cathodes. But in this study they were



actually some what lower .i.[_ performarlc:e than tlF_etc.:hed C;CIFlt:YO],V_,
a l. thcJugh one cathode had performanc:c:.: on p,Tr with the-.; unetched
c:a t hodes.

The sc:andate cathodes on A3.1 Nickel d.id not perform as we]] as
the. scandate on 330 Nickel, although they did perform beti:c.:r thar_

cathodes w:ithout scancial:e.

A life test was conducted on 3 samples of seandate r:athodes, one

plain decal cathode and 2 plain sprayed cathodes. Two life test
stations were built, l'he gc)al was to acclimulate 2000 hours or sc:c: a
20_, cathode emission drop on each cattiode tester:J. Again scandate (:)rl
A31 Nickel did not live as long as scanclat:e on 330 Nickel.

2. THE TEST VEHICUE

Figure 2.1 is a photograph of t;he low clut;y test vehJ. c].e tised for
this work. It is a glass device, that is bakeable to 4.25 degrees C..
It employs 2 barium getters that awe flashed (using an RF coil. ) onto
the inside of the glass envelope. A modified pieYce stTur::l:_lre w;i_:_

_usect for the testing, since the ma.in .interest in these cathocles .i.,:- :in
traveling wave. tubes. The cathode is ..2!50 inches in diamc..,ter an{:l
concave.'. A control .grid was moLlrlted about .1.2 m:ils in fTorFt Of t:t,:[:.:_

cathode. It too is concave. The grid was matte of t.5 mi.]. thick
molybdenum. It employs a honeycomb pattern with an optic;a].
transmittance of about 90_. Later, on ctevices 10, 11, 1.2, coPF:,er
Flrids were used. Their other properties are similar t;o those-, of the
molybdenum grids except they are 2 mils thick instead of 1.5. f_ photo
of the entire grid assembly is shown in figure 2.2. No foclls
electrode was used on this device and a flat anode was used. ]he
arlode is made of molybdenum. By not using a focus e].ectrode the
cathode face could be viewed throughout it's operat:[ng lii'e. Th:i.s wa,s
valuable, since temperature measurements were often more: ,lniform From
device to device on the cathode surface than they were on the Nickel.
shank. Also, .if cathode adherence problems occured J.t: was readily
visible as a bright spot on the cathode coat;ing while it we.,:{

operating.

2.1 Cathode l.oadJ.ng Uniformity.

The testing was conducted at approximately 2 amps of cathc3de
current. This calculates to an average loading of & amps/sq, c:m.
However, the peak loading .in some locations may ba hi!-Iher and
consequently the cathocles may }lave been given a more str:ingent test
than was intended.

2.2 Test Vehicle Configuration.

Each test.vehicle contains 4 grid assemblies. The 4 grids share

a common anode. The anode is spaced 75 mils away from thE: grids. In

devices i - 8 the stand-off was effected with glass beads. Later,

because the glass beads were breaking down after a few hundred hours

operation, we began using ceramic For the stand-off. These were used

on devJ.ces 9 "_ 12. Me had fewer problems with hJ.gh vo]tac4e arcs
"t'



Figure 2.2

GRID ASSEMBLY

., °_'



Figure 2.3

CATHODE ASSEMBLY



following this change.

1-he gr:ids are a].]. wired in common and go out to a single pJ.r_ :i.n
the feed thru of the envelope. Each grid assembly has its own hr-,ater-
c;athode lead coming out to the feed thru and it has its own heater
lead coming out. Consequently, 10 of the 14 pins of: the feed thrJJ are
emp ) eyed.

3. CATFIODE FAI-}R I CAT I ON AN[) PRE:PARAI l ON

The cathode caps were in all. cases fabricated from 3 rail Nickel
strip. The Nickel was type 330 in all cases except test vehicle 8
which omployc._d t;ype A3l alloy.

Type 330 has the following chemistry: (Referenc;e Ill )

Mn (max %) .3
Hcf; (max %) .01 - .1
Si (max %) .l

The 330 N_c:::ke] we used was analyzed by Oremet litanium and Fo,md
to have .1% maqnesium and .03% silicon.

A3.1 Nic:ke] has the following chemistry:

Mn (max %) .05
Mg (_,) .oi - .o6
si (_,) .02 - .o6

14 (%) 3.75 - 4.5

A31 is a prodl_ct of SuiDerior Tube Company and is advertized as an
active cathode Nickel with improved hot strength. Since our work
envisions the use of ].arge cathodes (.250 inches in diameter) :in fast:
warm--up low c:ost traveling wave l:ubc".s the improved hot st;rerlgl;h of A31.
is an atLrac.;tJve feature.

Ne need to keep the cathode th.i.n to reduce thermal mass arm make
it easy to form white maintaining a sharp corner at the edge. A-I; I;he
same time it needs to have high yie:ld streqth so that irreversible
bending does not occur particularly during a fast turn on.

The cathode strip is blanked and then formed into a cap. If the:
cathode is to be sprayed it will be formed into its final, corlr;ave
Shape at this step. If it is to rec:eive a decal it will he formed

with a flat top at this stage. After the decal is applied a final
forming will be done. A photo of our cathode assembly is shown in
figure ;--'..3.

3.1 Preparation of Coating Slurry.

The standard Tektronix cathode slurry was use(-] in this work to
make the sprayed control devices. To this standard slurr)_ was added a
slurry containing scandium oxide until the scandium oxide was 4% of
the triple carbonate (barium, calcium, strontium carbonate.) by weight

"t



to make test devices. Ird:uit:i.ve]y we: felt; that the scandium ox:iclc:
particle size should br; the same a,_:; that of triple carbonate. So wc_
ball millecJ the sc:andate in the normal cathode binder solution (nJ. tro--
ce].luloF_e and amyl acetate)until Lhe particle size was rec.luced to
about 4. microns from 15...-70 microns. However, according to referer_ce
1.72] the scancJate particle size ,,-._hou].d be ]Larger than the carbonate

t:)art:icle size.

Actually the particle size of our triple carbonate is 5-.10
microns. Consequently our scandate may have been too fine. A

previous attempt to form a slurr× in which the scandate part,:icles were
corlsideralbly larger than the carbonate produced a slurry that di.d not
spray satisfactorily. Another reference [3] recommends that scandate
be fired in hydrogen at no less than 800 degrees C for i0 minutes to
part.i.a]]y reduce the scandate and thereby increase its reactivity.
This we did nol: do.

The binder that the sc_,mdat:c': was ball-.milled J.n was quiLe th:in .....

only I% nitro-cellu].ose. It was mixec-J with the triple carbonate'.
s].urry which was separately ball-milled and mixed. The trip].e
c::arbora_t;e came from Sylvania. ll; :i.,,:- dc,},,z_i!-jrlatecJ C---10, ctorli;rol lot
50105. The usual prc_cedure iIS tie take 60]. grams of trip)c c:arbcmate
powder, dry at 110 deqree.s C, then mix into a nitro-cellulose ,sol_ll-:ior_
cont:aining .10 grams per liter of r_itro--cellulose (approx. 1_) and amy]
ac:et;ate. Th:i.z:} gives a 750--1000 see:. v:[sc-:osity solution. The 601
grams of triple (:arbonate is mixc'd with the 1000 ml. of binder
solution, this mixture is then put in a 2 liter ball mill with i.
kilogram balls. Ball mill for 24 hours. The scandate slurry would be
added at this point if test cathodes are to be sprayed. Next the.
slurry is put in a refrigerator and st:ored.. Before use, warm it and
roll for minimum of 8 hours. Dilute with amyl acetate to 32

c:ent i. po i se.

Before the cathode cups are sprayed, they are (:leaned in acetone
and fired in hydrogen at 750 degrees C for 1/2 hour. They must be
sprayed the same day. After spraying the coating thickness is
chec::ked. Ours ranged from 2.1 mils to 2.6 mils. The cathodes are
stored in a dessicator until used.

In one phase of this study a coating of scandate was applied
directly to a Nickel. substrate. In the first case scandate powder was
apt:,].ied in a slurry i;o bare Nickel caps. The caps were then fired at

1200 degrees C in a hydrogen atmosphere in the hopes that sinter.ing to
the Nickel would occur. This test was not successful. The scandate
did riot adhere to the Nickel.

Another test involved purchase of a .5 inch diameter pellet of
scandate. If was electron beam evaporaLed onto Nickel. This
experiment was not wholly successful either. A layer of scandate 100
Angstroms thick did end up on the Nickel., but the pellet broke up in
the process. Further work will rleecJ t:o be done, to improve the
fixturing of the scandate pel.].c}t. According to reference 113] a layer
that is 2000-4000 Angstroms thick is probab].y required to procJllce
enhanced emission.

4. TkIBE PROGESSIN6



4.1 Pumpin.O and Bakeout

The fo].lowing procedure for processing was followed on a].l
tubes beginning with device 4. After the triodes are constructed they
are sea].ed into a glass envelope. The tube is then pumped and baked
at 400-425 degrees C for at least 24 hours. Pressure will then be
below 2x10-7 torts. The oven is turned off and raised. RF heating of
the grid and anode structures is now done for approximately 2 hours.
The RF level is adjusted so that the temperature of the grids is about
&50--700 degrees CB.

Next comes cathode breakdown. Again base pressure should be
below 2x10-7 torts. The heater voltage is raised to 2.0 volts. 13oth
filament volta,cte and current are monitored. The heater volt:ac..le is
turned up in 1/2 volt increments every 2 minutes until the qas
pressure be,clins to rise substant:.ially. Then the voltage is raisc.,'d
more slowly s(._ thai: pressure always remains below 9x10..6 tC)FYS. NtiQTI

a cathode temperature of 800 degrees CB .is reachcct (approx,. 5.5 vo].t:s)
the heater voltage is raised in whole volt incremerlts 1;o 7.5 vnlts.
At 7.5 volts the c:athode temperattire .is about 950 dc.c]rees (-;B. Th:i,,:{ i,s
sufficient to complete breakdown. After 5 minutes at 7.5 volts th_-_::
heater voltage is lowerect .in one jump to 5.5 volts (800 cteqrees CB).
It was found that peak pressure was reached at about 4..0 volts nn the:
heater. Breakdown is done at: room temperature.

4.2 Cathode Activation on the Pumps.

All cathodes were activated on the pumps except SNIO.

The anode voltage was set at 400 volts. The grid vo].tage was
acljusted to whatever ].evel gave 1.20 ma. of cathode current. The pu].se
width was 50 micro--seconds and repetition time was 250 micro-secondr_;.
It was found that at duty factors much above this, grid emission
occurrr_d. This caused thermal runaway of the cathode. The c:lectror,.'-_
backstream to the cathode during i:_u]se.--off and heat .i.t. ]-ho c:at;hodc
emits more which in turn causes the gri.d to !4led; still hott;er thcrrc.:b>'
(;a[ls.i[l(J .ilt tO) emit even more, etc. Th:is was a pot;ent.ia] problc:m on all
devices except SN 10, l]. and 12. These devices had copper ziYc()rii, tjm
grids and ct:ict not exhibit the problem, A c:omparison of c:athc_de
current vs. duty and pulse width for devices with and wil;holll.; copper
gr ids can be found in sect ion &.

Next comes cathode activation. Table 4.1 shows the proceduro.

Figure 4.1 shows a plot of cathode temperature and heatc'.r powc,r
vs. heater voltage of a typical device.

Tile problem of c;athocle temperature runaway was a problem not:
only during activation duties, but at normal low duty operation al;

elevated grid drives or heater vo].tage. This is a problem not

encountered on single grid tubes with dispenser cathodes. The cathode

temperature cloes not rise J.n that case sirice there is no insulat.ing
layc:ron the cathocle that carl heat up. The only solution to this

problem appears to be..', the use of a copper grid or other c.,mission



Table 4.1 Activation Procedure

Step Minutes

Aproximate
Side Temp. Heater
(degree CB) Volts

Grid
Volts

Anode
Vo].ts

_.. 5 920 7.00 -15 O
2. 5 960 7.50 -15 0
3. 5 1000 8.00 .--15 0
4. 5 300 2.00 0-30, 400
5, 20 920 7.o0 0-30, 400
6. 3 1000 8.00 -15 0
7. 3 300 2.00 --._5 0
8. 20 920 7.00 0-..30, 400
9. 20 880 6.50 0-30* 400

10. 20 840 6.00 0-30* 4.00

,adjust qrJ.d
cuTTer|t.

120 ma ofvoltage to a value that provides cathode



suppressing materials. Some help can t3o qol;ten by carefully
minimizing the cutoff voltage while keep:i, nq t:he grid transmissJcm
high. There is a trade off between these two constraints. For most
tubes almost full emission was seen within a few minutes after the
voltages were applied on step 5. Orle exception was SN 12 which had
chem-etched cathodes. These cathodes had been very quick to activate
in a previous study. So it is not clear what went wrong here. Also
the knee temperatures on grids 1 and 2 are quite high. The cathodes
apparently were poisoned, either when the cathodes were etched or in
subsequent processing. There is more information on device 12 :in
section 6. The other slow activator was SN 8, scandate on A3I Nickel.
Again the activity knee never exhibJ.t:ed the quality of other scandals
cat hodes.

After activation the tube :i.s sea].ed off. Since the tube is made
of glass the pump out tube is heated until it flows and pinches in.
The tubulation is then scribed and broken halfway along the seal-off
constriction. The broken end is treated w:i.th Vat-.Seal. Next the
getters are flashed us:i.nq an RF wand. Some de-.-activati()n of the
cathode may occur as a result of sea ]. ---of-f and getter f].ash.

Hipot occurred at &O00 volts. F:J.rst the grid, cathode and heater
leads are connected together and t_c:::ld posit:i.ve while the anode is held
negative. Voltaqe is turned up slowly enotJgh to keep leakage current
under tO0 micro--.amps. Then it is held for t hour. Next polarity is
reversed arid th( _. proc;ess repeated. HJ..-pottJng was not :[r_stituted
until device g.

4..3 0 Hour data.

0 hour data consists main.ly oF an ,',ict::ivJt:y or roll of., r outw::..
Examples are shomrl in o_.cl, ion 6

At this time the "goodness" of the cathode is judged. A duty
factor of .1% with a pulse width of I0 micro--seconds is useci on at].
devices. The high voltage was set between 2000 and 3000 volts, l-h(,:
grid voltage was set to allow 2 amps of cathode currer|1; at fully .'_;pac¢._
charge limited flow. This translates to an average cathode ]oadJ. rl!?l of
6 amps/sq, cm. The "knee" was p].aced at the point where.the
temperature limited curves and space charge ].:[mJ.t;ed curves should have
converged. The fact that they tend to "roll-.of:F" in the trans:i.t:[ori
and not form a distinc:t knee does not prevent us from establishJ, r_g a
theoretical knee and judging the c-athodr.', accordingly. Why some
cathodes did not form a distinct; knees J.s a matter of some conc;err_.
This is discussed in section 6. For example, the cathodes made of A31
N:i.cke]. ctid not exhibit the qua).Jty of activity knees of cathodes made
o[: 330 Nickel. After 0 hour tube performance is characterized, al:
].east one cathode in t:he device :is ....e]..(..l, ed for ].:if c: t:estJn.q.

5.0 LIFE TEST

The life test was conducted on two stations. Figures 5.1 and ..,=.__

show these, lhe duty was .1% for all devices tested. The interltion
was to start all vehicles out at sufficient grid drive for 2 amps (_,

amps/sq, cm) of 0 hour emission 14owever this wasn't always l..o,:.,,:_lL].e



Figure 5.1

LIFE TEST STATION I

II_•



Figure 5.2

LIFF TEST STATION 2

I

L
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because the grid driver on station 2 is deficient in voltage and
current •

The rules for the life test are as follows: the heater voltage

is fixed at .5 volts above the 0 hour activity knee. This remains

fixed unless a drop in cathode temperature of at least 20 degrees

occurs during life testing. Then heater voltage is renormlized to

bring the cathode temperature back up to its 0 hour level. Grid drive

and anode voltage ate fixed throughout the test.

Figures 5.3 and 5.4 show p].ots of normalized cathode current vs.

days of service. The cathodes with scandate in their coatings lived

longer than either decals or sprayed non.--scandate cathodes. However,
scandate on A31 Nickel does not appear to be as good as scandate on

330 Nickel. This is true of both 0 hour performance and life test.

We should say say though, that this cal;hode had poor adhesion as

evidenced by a "mud--flatting" mottled appearance when viewing with the

optical pyrometer. Also the cathode was operated at higher

temperature than the other scandate cathodes.

As for the decal cathode in figure !5.3 it shows rapid

(cleterioratJon, even taking acc;ount; that an are damage¢l the cathode on

the 28th (.lay. lhis cathode was operated al. abc:)llt }930 degrees CF9 (,,_ic.Je
temperattJre). It took just 28 days for :its emission to drop 20_,.
However, the operating temperature was quite hi.gh. This may ac::cour, t
for most of it's rapid deterJ, orat:[erl Telative to others. For expamp].e
SN 5 was operated at 800 degrees CI3 and SN 7 was operated at aborter; 810
degrees CB.

It is claimed in reference [13111and [4[] that much ef the
improvement derivecl from the sccandate is the prevent;ion of a btiJ.].d--up
of silicon oxide arid magrlesium oxide in the interface betwec:n the
cathode coating and the Nickel. If this is true, the c;athode r:;IJr_errl;
should remain roughly constant at fixed drive at t, he knee. This is
what we see on dispenser cathodes. The activity knee cor|stant].y moves
toward the operating point but current in the knee Js st:at:ionary. At
some point the knee cYosses above the operating point and the cathode
goes temperature limited. It .is ce_t:ain]y true that device 5, for
expample, remains more constant in cathode current than the other, non-
scandate cathodes. We can see this from figure 5.4 and.5.5. What:
these plots don't show is the other factor in cathode deterioration,
namely movement of the knee toward the operat;ing po:int. FJ..c.turc !5.6 :is
a p].ot of this for each of the ].ife test cathodes. Of i.nteTest J..'-s
that device 7 had no movement :in _l:'s knee temperature after day 24..
Then all. oF it;'s deterioration was caused by a dYop i.n cathod(-;
curr(:nt, ascT:rJ.bable to interface L_uJ]./Jup. The data for device 7 .is
incomplete s:i.ncuean arc occurred and damaged the cathode before final

activity data was taken. All the other cathodes, both scandate and

other show movement in the knee-, w:i.th time.

6.0 DATA AND INTFRPRFTATION

6.1 Cathode Activity

Cathode l:cmperature for eac:h grid assembly was read by viewing
"t



through a hole in tile sicte of the grid against the bare nickel c;athode
shank. There was some dispersion in these measurements, largely
because of variations J.n the surface condition of the nickel.. Even on
the same cathode shank differences of 20 degrees could sometimes br.
seen between light and dark patches. The measurement was directed at
the darker regions, as these seemed to yield the most consistent

results. These patches correspond to bright, smooth nic;kel.

Because the triode structure was open it was also possible to

measure cathode face temperature. This measurement was done against

the oxide coating. It averaged 20 to 40 degrees cooler, in

appearance, than the bare nickel, side reading. This is surprising

but, nevertheless, was seen on all devices.

A poor coating looked like a mud flat with dark regions separated

by irregular bTight colored "cracks" A good coating was of uniform

briclhtness everywhere. A lifted c,oatin.c.l (usually the result of a high

voltage arc) was invariable brighter than the region around it.

The pyrometer used in all these studies was a model 95 micro ....

optical pyrometer from Pyrometer Instrument Company, New Jersey. We
dJcl a check of this pyrometer on a 20 to 1 aspect rat:Jo black body

ho].e j.n a piece of 304 stainless steel. The abso].ute temperature was

measured w:[th a thermocoup].e and further checked by lising a C::lJsi]
braze flag, and making a measurement of temperal;ure when it melted al.

780 deqree C. The optical pyrometer read 780 degree C at that: l:)o:ir_t,
inciderltally. A plot of the pyrometer c;alibratior_ J.s shr:)wn in I:J.gur e

6 .I .

A third piece of data that we collected is heater power.

Correlations of- heater power to cathode side and face temperal;llr_'!:carl

be made and are shown in figure &.2 .... 6.5. The physical construc;tion
of the test devices remained essentially the same throughout the
study. However, it still proved dj'ffJ.cult to assign an abso].tite va]tJe:.:
of temperature to a given heater power. However, the relation
between change in heater power anti a change Jn cathode temperature Js

much more predictable.

The most: important plot in comparing cathodes is the activity or
roll-off curve. A representative sample for each device .is shown in
figures 6.6 to 6.13. An activity curve is taken at the completion of
cathode activation, then at regular intervals as the device
accumulates life. The test c,onditions are .1% duty, 2500 - 3000 anode
volts, and sufficient grid voltage to achieve 2.0 amps of space charge
limited cathode current at the highest heater voltages.

Table 6.1 is a list of relevant information at the cathode

act :iv:i.ty knee. It is comprehensive in that it lists all cathodes that

were testable and were not patholog:[cal in one way or another. The:

dev:ic;e nlimber, grid number, the characteristics of the c:athode, the:
heater voltage, to the activity knee, the heater power, the cathode
side temperature and the cathode face temperature are all shown. ]he

heater power is shown two ways. The first number is the raw data.

The second number is corrected t:o acc;ount for a systematic drc)p :in
heater power, that was observed as the device builds proceeded. More
on t;his ].ater.



On average the scandate cathodes are superior to the others.
However, device 8 ( scandate on A3t Nickel ) is not as goocl as scanclate
on 330 Nickel (devices ]..1 and 5) at: ]east':so far as direct temperature
is concerned. The lowest average side temperature was device 5
(scandate on 330 Nickel ) at 734 degrees bJrightness (N.ickel). The
lowest average face temperature was also device 5 at 709 degrees
brightness.

A couple of cautions are in order. Device 4 (Elcon decal)
appears to have a significantly.tower side temperature than device 7
(standard sprayecl). Unfortanately the decal cathodes .in device 4. had
guard rings welded to their sides.

The s.ide temperature measurement is on this guard rJ.n_.-I and .is
somewhat lower than a direct view of cathode would yie].d.
Consequent ].y the 766 degrees average side temperature for device 4. is
too low. Device 12 which is also decal cathodes, but without the
guard ring, shows a side temperature of 790 degrees on grid :If4.. ]his
is probably more realistic and is close to the 782 (degrees on (::t[_vi.(::e ?
(standard sprayed) and the 784 degrees on dew:ice 7 (also standard
sprayed ).

Moreover, regarding heater power, a systematic trend toward :lower
values was obsc.::rw_d as the dev:i.ce bui].ds proceeded. Th:[.,_ l:ender_c::>" i,*.:-
summarized in l:abe] &.2. We have no exF:_:l,anation for t:h.i.s exc(::Frt t:(::_
suggest t hat our fabr icat ion trzchnique improved wit h t; ime and so 1:he
thermal efficienc:y of the device improve:d., The temperature chang(:.' f:or
1 watt of power .i.rlcrease (near t;he knee) tn device 4 was <!,6 r:J(:%;lrc:c:,q.
By device .1.1. this temperature de]ta had :increased to 76 degrees. As a
result of this power change a correction power is calculated in tab].e
&..1 which compensates for it.

Another cautJ.on is that there appears to be a sic.lnJ, f:i.cant thc.'.rmal
emissivity differef_ce between scandate sprayed, regular sprayed ,_rv:J
decals. This differerlc;e distorts the comparisons in the cathode Face
temperature measurr;ments shown in 1.ab].c _. _>.1.. The Elcofl decals i.r_
device 4 show, on average, only a 14 degree difference between fee:c:
and side. Of- course we already know that the side measurements c_r_
d_.-.,v:i.ce 4 are too low because of the guard T'lng preblem. However,

ttJrning to device 12, grid 4 (also a decal) we still see. only 27
degrees difference. Even on grids I and 2 of device 12 the differenc:e
is only 29 degrees and that's at much higher temperature. Aga:i.n wr:.• do
not know why the decal cathode has h.i.gher emissivity. Because it: :i.s
smoother, one would expect it to I)e ].over.

On the other hand the standard sprayed cathode has much :l.owc'r

_missivity relative to) bare Nickel. SN9 had a 4.3 derlrees apparc:rd;
_;JTOID from s:icJc _. to. Face. AncJ SN7 has a 38 degree drc)F_ from baTc: N:ic:kc:]

o the cathode face

]he scandate sprayed cathodes show much less difference betwe:erl
sides and cathode faces, than standard sprayed cathodes. Device 5 has

;'.only an 18 degree drop side to face. Device 8, scandate on A3.1

Nickel, hao en].y a 13 cJegree droF. And de:.vic(:..1.1 ha.B a 26 J._gr:_::.
'idrop. In summary the scandate oxide material appears to haw..; a h_!i:!h(:.:r
lemissivity. The result is that the ,standard sprayed c;tthc)cJes c;c)mp,il'C:._
\more favorab!..y wJ.th the seandate cathodes on face measurements c;;



temperature than the facts warrant.

Table 6.3 is a difference chart based on table 6.1. It shows
differences in heater voltages, heater powers, the corresponding
temperature differences that apply to those powers, and the ,.side and
face temperature differences, for all devices. It shows that device 5
(scandals) is lower in side temperature than device 7 (F,]ain sprayed)

:.by 42 degrees but is lower by only 22 degrees on face temperature.
:'Again, device 11 (scandate) is lower than device 9 (plain sprayed) in
_._de temperature by 23 degrees, but is lower in face temperature by
t only 4 degrees. This discrepancy is caused by the lower emissivity of

"the plain cathode material over the scandate cathode material. I1; is
important that this difference be taken into account whenever a life
test is conducted where onlyface temperature is read. This is the
ease, for example, in the RADC life test vehicle.

There is still another caution when viewing the data. The
activity curves are subject to some interpretation when determining
the activity knee. Figures 6.6 to 6.t3 are representative exhibits of
these curves. In several cases the knees are not distinct, but are
smeared to some extent. Most of the time a single point near the
transition is sub-par. That is, cathode current s deficient [lear the
knee. An example, is device 8, grid t, shown in figure 6.9. In this

'case a theoretical knee can be constructecl which ]eaves the defJc::i.c, rlt
point out. This has been done in this study. Often the deficient
point simply indicates that the cathode is riot fully activated. After
a period of operation, however, the point moves up and takes its
correct position. In device B, however, all cathodes had this problem
to some extent arid none of them recovered fully, even after hur]cJrecJs
of hours operat.iorl. The conclusion, J s that A31 is riot a good
material to use as a substrate for the scandate dispersed cathode. Or
the cathode was somehow poisoned, or the cathode materia] was too old
when it was used and so it didn't adhere properly to the Nickel..
Furtherstudy is required here. Also device ].1, scandate on 330
Nickel, did not perform as well as the earlier scandate 330 Nickel
(device 5). When viewing the cathodes with tile optical pyrometer
there is evidence of adherence problems. Again it's possib].e that the
scandate-carbonate mixture was too old when spraying on for device 11
occurred. I am told that cathode slurries are not used after they are
3 months old at: Tektronix. The scandate s]llrry was more .than & months
old when spraying for device It occurred.

There is a possibility that the apponent differences between side
and face temperature represent an actual, temperature drop through the
cathode coating. This would explain alot. For example the E]c:on
coating is denser so it conducts heat from the substrate better than
the sprayed c;oatings which are rather fluffy and porotis. the sc:ancJ,--tte
cathodes, by virtue of the sandium oxide are more conductive so thny
also have a smaller difference.

6.2 Grid Characteristics.

Figure 6.14 shows a plot of cathode current vs. grid drive at
fixed cathode voltage arid heater voltage. They are plotted on 2/3

power paper. Again data was col-]ect;ed at .1% duty. The plot: shouild

be a straight line in a space charge limited region. A rollin.r..I ov_.-:r
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of the curve at high drives indicates temperature limiting is

beginning to OCCUr. A discontinuity in the curve usual].y means the
grid has shifted its position. This occurs because the grid
intercepts ele_ctrons and is heated by them. At higher drives this can
cause substanial thermal expansion effects. The first thing we
generally do when a cathode activity curve cloesn't look right is plot
grid characteristics. This sometimes locates the source of the
problem as a movement of the grid.

6.3 Lor, g Pulse Width, High Duty and Choice of Grid Materials.

One of the main limitations on high duty operation is tile problem
of grid emission. As soon as the grid intercepts substantial power
(approx. .8 watts) from the beam it gets hot and eimits electrons back ,
to the cathode during the pulse off mode. This is nnt a problem on
dispenser cathodes tubes because the cathode surface is not an
insulator. On an oxide cathode it can be disastrous. The electrons
backstreaming to the cathode heat the surface. This has t:he effcc:t of
increasing emission either because the cathode moves c].oser or because
there is a small temperature limited c.omponent: to its emission. In
any case, the process leads to a cyclical instability in which the
cathode and/or grid eventually burn out.

To address this prob].em and to acquire data at higher duties,
copper zirconium grids were mounted on devices 10, ].], ]2. They were
found to be much better than mo].y grids. Zirconium J.s a potent grid
emission sLlppYessor and the high therma] c;onductiwJt>' of copper ]owc, rs
tile operating temperature of the grid. Table 6.4 shows dal.a for ].ong
pulse width and high duty operat:i_on for devJ.ce 11, .qrid 2. It used a
copper grid. Fable &iS shows comparison data for device 9, grid 1,
which crop]eyed a molybdenum grid. In both tables the test condit::[cms
were essentially those under wh:Lch the cathodes are activated. Anode
voltage is 400 volts, pulse width is SO micro---secor_ds and repetition
time is 250 micro--seconds, and duty factor is 255. The grid volt;arle
was t[lrned up until grid emiss:ion beqan with consequent heat in.c..| of t:he
cat hode.

iH the heater current is recorded in table 6.4 because when the
cathode receives heat from an external source the heater, c:urrent
,..trc_ps. lhe bias vo]tage was set at .-200 volts. It did [lot need to be
this high for this experiment;, but in an actural rWT it could be this
high. Of course, the power flux against the cathode is directly
proportional to this voltage. It was found that in both devices, once
the c.athocle began to rise in temperature, :it could be c,eoled off aqa:i.n
by raising the grid bias toward O.

It's clear from the table that the t:hresho].d of c:at:hode therma:t
runaway is lower for the moly gridded tube. In fact a plot of _rJ.d
power consuml:_t .i on vs. clrid pu]se.-.-.off c:urr¢:rd: :is ve¥y rc:vea]:ir_.c.;., :l:t: :i,q
shown in figurc_ 6.1..5.

How much power can an oxide cathode intercept before runaway
occurs? It is reasonalbe to assume that the grid emission currerll: i,'-;
diw.ided equal ly - ha 1f goes t o t he anode and half t o t; he cat hode ..
This is true because the emission J.s temperature lira:[ted. Then based on
table &.4 the pulse-off grid (:;u_rerrt: was ]3.8 ma. orle hail of: th:is

_t



is 6.9 ma. The bias was 200 volts and the pulse-off condition
occurred 75% of the time. Average power to the cathode then, was 1..03
watts. A similar number is derived from the other tube's data. Our
cathode's area is .317 sq cm. Consequently maximum power flux it can
tolerate is 3.,.5 watts/sq cm.

Table 6.6 shows tube performance on device 11, grid 2 in normal
operating mode as duty was raised. It was possible to achieve in
excess of .5% duty without serious backstreaming to the cathode r._r
excessive heating of the anode. At a reasonalbe perveance the grid
interception can be reduced to 10% of cathode cur_-ent. That would be
down by a factor of 4 from what is shown in the table. Consequently a
duty factor of 2% could be achieved with an oxide cathode and a
copper-zirconium grid. In addition, an increase in grid bias from -
200 volts to -1.00 volts would allow a further doubling in duty to 4%.
This is probably an upper limit on duty factors for TWT's with
intercepting grids and oxide cathodes if cathode thermal runaway .is to
be avoided. This assumes high cathode loading - 6 amps/sq, cm. i.n our
c,a S __.

Table 6.7 shows the effect of ].(Brig F,ulse width on c;athode
performance for device 9, grid l. It is well known thai; the oxide
coating is a semiconductor and that it stores charge Jn the pu].se-.-off
condition. The layer is conductive but becomes less so as the pulse
width is extended and the electrons are swept out of donor sites.
However, the (data irl table 6.7 shows very tittle cathode currerrt decay
out to 100 micro-secorlds. We were hampered by the ]arqe s].ump in
cathode voltage with:in the pulse-on period. Also the duty factor had
to be kept low to avoid the cathode runaway problem. Most of cat:hods:::
slumping that was seen was caused by the cathode w::_].tage s1umpirlg.

&.4 Ohem Ftched Cathodes.

Device .1.2 contained decal cathodes on them etched Nickel. G_.ids
1 and 2 were plain etched; grids :3, 4 were mesa etched. Their
performance was disappointing. Gr.id 3 failed to act;ireto at a].].
Grids 1 and 2 activated, but; at high cathode temperatures. G_ict 4.
with mesas performed in line with a decal cathode on an urletc:he'.d
surface. For example, in table 6.1 device 4, plain decal cathodes,
had an averaqe side temperature of 74,6 degrees. But t. his was a
measurement to the cathode guard ring, which means that the actual
side temperature was higher. The face temperature of these cat;hodes
was 752 degrees which compares very well with the 763 degrees seen on
device 12, grid 4. Al.so the heater power t:o grid 4, 4.4.8 watts, is
lower than the 4.57 watts on the plain decal cathodes. The conc].usiorl
based on grid 4, device 12 is that mesa etched decal cathodes perfoTm
about the same as unetched decal, cathodes. As for the non mesa c:tched
cathodes more study is needed.
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t H l
Heater CatHode

Current Current

(smps) (ms)

TABLE 6.4 High Duty Test

Device 11_ Grid 2 (copper grid)

Heater volts 5.4_ cathode volts 400

grid bias -200, pulse width 50 micro-
seconds, repetition 250 micro-seconds.

lg
Pulse-off Pulse]_n

(ms) Grid Current

(ms)

.680 105 0

.682 150.5 .9

.882 200 3.9

.875 250 13.8

.859 285

eg
Grid Volts Grid Power

Pulse-on Interception
(watts)

Tc

Cathode

Temperature
(face)

28 21.5 .151

50 30 .375
82 )9 .Be0

115 43 1.24

Cathode Thermal Runaway >

802 ° CB
803 °

810 °
835 °

930 °

TABLE 6.5 High Duty Test

Device 9, Grid 1 (molybdenum grid)

.Heater volts 5.4, cathode volts 400

grtd bias -200, pulse width 50 micro-

seconds, repetition 250 micro-seconds.

t t t i eg
HesVer Cathode Pulse-off Pulsegon Grid Volts Grid Power

Current Current Grid Grid Current Pulse-on Interception
(emps) (me) Current (ms) (waLLs)

(ms) Average

.879 95
876 154

.873 195

,15 15 23.5 .088
2.77 40 35 .35

12.7 70 46 .800

Runaway at sll Values Above This

Tc

Cathode

Temperature
(race)

764 ° CO

768_
808 _

)



F
TABLE 6,6 High Repetition Rote Test

Device 11, Grid 2

1 1
HeeVer Cet_ode

Current Current

(amps) (amps)

,885 1.85

,883 1,85
.,880 1.85

,882 1.85
.880 1.85

Cathode Voltage 2950

Heater Voltage 5.4
Pulse Width 10 micro-seconds

Pulse_n Repetition Duty

Grid Current Time Factor

(amps) (ms)

Cathode
Face

Temperature

.385 15 .067

.420 10 .1

.430 8 ,13

.460 5 .2

.480 2 ,5

810 ° CB
810 °
810 °

812 °
815 °

i I _E k
Cst_ode Gr_d Cathode

Current Current Voltage
(Pulse Start) (me) Slump

(ampa)

1,92 350 60

1.85 400 100
1.75 415 130

1.85 340 140

1.80 ' 370 180
1,75 400 200

1.70 450 200

1.68 420 250
1.64 440 250

1.60 495 280

TABLE 6.7 Long Pulse Width Performance

Device 9, Grid 1

Heater Voltage 5.4

Pulse Duty
Width Factor

(micro-seconds)

(ms)

A i k

Intra-pulse
Cathode

Current Slump
(me)

Repetition

Time

(ms)

10 .1 0 10
20 .2 0 10

30 .3 20 10
30 .15 70 20

40 .2 60 20

50 .25 50 20
60 ._ 50 20

70 .23 120 30

80 .27 140 30
100 .33 120 30

I_ .

"t



TABLE 6.6 High Repetition Rate ]eat

Device 11, Grid 2

Cathode Voltage 2950

Heater Voltage 5.4
Pulse Width 10 micro-seconds

1
HeaVer

Current

(amps)

1
Cat_ode

Current

(ampa)

i
Pulse-_n

Grid Current

(amps)

Repetition DuLy
Time Factor

(ms)

,885 1.85 .385 15 .067

,883 1,85 .420 10 .1
• .880 1.85 .4]0 8 ,13

,882 1.85 .460 5 .2
.880 1.85 .480 2 .5

Cathode

Face

Temperature

810 ° CB

810 °
810 °

812 °
815 °

i
Cat_ode

Current

(Pulse Start)

(amps)

19
Gr_d

Current
(ma)

TABLE 6.7

&E k
Cathode

Voltage
Slump

Long Pulse Width Performance

Device 9, Grid 1

Heater Voltage 5.4

Pulse Duty
Width Factor

(micro-seconds)
(ma)

|ntra-pulae
Cathode

Current Slump

(me)

1,92 }50 60 10 .1 0
1,85 400 100 20 .2 0

1,75 415 1}0 70 .3 20
1,85 )40 140 70 .15 70

1.80 ' )70 180 40 .2 60
1,75 400 200 50 .25 50

1.70 450 200 60 .) 50
1.68 420 250 70 .23 120

1.64 440 250 80 .27 140
1,60 495 280 100 .33 120

Repetition"

Time

(ms)

10

10

10
20

20
20

20
}0

30

70
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TABLE 6.2

Cathode Temperature Change/Heater Power Change.

Device No. Temperature (degrees)/Watts

4

Grid I 66/watt
Grid 2 70/watt
Grid 4 62/watt
Average 66/watt

5
Grid 1 78/watt
Grid 2 72/watt
Grid 4 46/watt
Average 65/watt

7

Grid 1 66/watt
Grid 2 72/watt
Grid ) 66/watt
Grid 4 72/watt
Average 69/watt

8
Grid I 62/watt
Grid 2 80/watt
Grid ] 74/watt
Average 72/watt

9
Grid 1 80/watt
Grid 2 68/watt
Grid 5 66/watt
Grid 4 84/watt
Average 75/watt

11

Grid 1 82/watt

Grid 2 B2/watt

Grid 5 70/watt

Grid 4 68/watt

Average 76/watt

12

Grid 1 58/watt
Grid 2 56/watt

Average 57/watt

12
Grid 4 70/watt
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